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It is generally recognized that the effector cells in delayed-type hypersensi- 
tivity reactions  are  thymus-derived  (T)  cells  (1,  2).  There  is  also  ample  evi- 
dence that the "helper"  cells involved in the carrier-hapten  cooperative initia- 
tion  of the  antibody response  are  of thymus origin  (3).  Recently,  there  has 
been some evidence that these two T-cell functions are mediated by the same 
cell.  For example,  both cell-mediated immunity and helper-cell function have 
closely related dose-response curves  (4),  kinetics of sensitization  (4),  and sus- 
ceptibility  to  antibody  suppression  (4-6).  In  addition,  helper  cells  (7)  and 
cellular immune cells (8) appear to have a  similar anatomical distribution  and 
comparable levels of radiation  resistance  (1).  In contrast  to these findings,  in 
the  present  communication  we  present  data  using  a  classic  hapten-carrier 
system where there appears to be a lack of a correlation between delayed hyper- 
sensitivity to the carrier and the carrier-hapten  helper effect. 
Materials and Methods 
Animals.--Female outbred Wistar rats (strain J) of 9-12 wk of age were used. 
Antigens.--Flagellin  (FIN)  and  polymerized  flagellin  (POL)  from Salmonella addaide 
(Strain  SW 1338; H  antigen,  fg; 0 antigen,  35) were prepared  as described previously  (9). 
Hemocyanin  (HCY)  was isolated  from Yasus lalandii. Bovine  serum  albumin  (BSA) was 
obtained  from Armour Pharmaceuticals,  Eastbourne,  England.  The acetoacetylated  deriva- 
tive of S. adelaide flagellin (AFIN) was prepared  as described in an earlier publication  (10). 
The AFIN used in this paper had 17 acetoacetyl groups attached  to each FIN molecule and 
the "relative  antigenic activity" (Krel) was 6.8 X  10  -3 (10). FIN substituted  with 5, 9, 19, 
29,  and 32  DNP groups/mol  was  prepared  (10). Also, DNPxsHCY and DNP~0BSA were 
synthesized. 
Immunization Procedures.--Groups of rats (7-8 per group) were injected intradermaily  in 
the flanks with 1/zg of POL, FIN, or AFIN, either in saline or emulsified in Freund's com- 
plete adjuvant (FCA). Control rats were injected with FCA alone. 28 days later anti-DNP 
antibody responses were elicited by the injection into the right hind footpads of 1 #g of one 
of the DNP-FIN derivatives  (ranging from uneonjugated  FIN to DNP82-FIN) or DNPxs- 
HCY in 50 gl saline. Rats were bled 7 days after challenge and the antibody responses to DNP 
estimated. 
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Antibody Estimations.--Antibodies to ttagellin were estimated  by hemagglutination  using 
sheep erythrocytes sensitized with S. ode/a/de POL by a chromic chloride procedure (12). The 
same procedure was used for estimating antibody to DNP except that in this case the sheep 
erythrecytes  were sensitized with DNP~0BSA. All antibody titers expressed as log2; tube 1, 
1/i0 dilution. 
RESULTS 
Comparison  of the Itumoral and Cell-mediatect Immunity Induced by the Dif- 
ferent  Flagellar Antigens.--It  has  been  reported  previously  that  S.  adelaide 
flagellin can exist in three states which widely differ in their capacity to induce 
flagellin-specific  delayed-type hypersensitivity  (11)  (Table  I).  When flagellin 
is injected in its polymerized form (POL) into rats,  little or no delayed hyper- 
TABLE I 
Comparison of tke Serum Antibody Levels and Delayed-Type Hypersensitivity Induced 
by the Different Flagel/ar Antigens* 
Priming antigen  Serum antibody titer (28 days)  Delayed-type hypersensitivity to flagellin 
(1 ~g)  Priming in saliue  Priming in FCA  Priming in saline  Priming in FCA 
NIL  <0.5  <0.5  0.3  4- 0.2~  0.6  ::l= 0.2 
POL  9.3  -4- 0.4  10.5  4-  0.3  0.7  4- 0.3  1.1  -4- 0.2 
FIN  6.6  4- 0.3  8.8  ::t: 0.2  2.5  4- 0.2  2.7  4- 0.1 
AFIN  <0.5  0.5  -4- 0.2  3.7  4- 0.4  5.9  -4- 0.3 
* Groups of rats were injected intradermally with I #g of the various antigens and 28 days 
later delayed hypersensitivity  reactions were elicited in the hind footpads by the injection 
of 1 pg of flageUin in saline (11). 
:~ Drayed-type hypersensitivity  measurements  represent  24-h  footpad  swellings  (0.1 
mm). All values 4- standard errors of the means. 
sensitivity  is  induced,  whereas  when  injected  in  its  monomeric  state  (FIN) 
substantial  levels of delayed reactivity are provoked.  If the monomeric form 
of flagellin  is heavily substituted with acetoacetyl groups (AFIN), high levels 
of delayed hypersensitivity are induced. The three forms of flagellin also differ 
dramatically in their  ability to stimulate  a  primary antibody response  (Table 
I) (11), such differences being inversely related to the levels of delayed hyper- 
sensitivity provoked. 
Comparison  of the Helper  Activity  Induced  by  the Different  Flagellar Anti- 
gens.--A series of experiments was carried out to compare the ability of POL, 
FIN, and AFIN to induce helper cells for the cooperative initiation of an anti- 
hapten  (DNP)  antibody response  (see Figs  1 and 2).  Control rats which were 
injected  with  either  saline  or FCA and  then  challenged  with  the  DNP-FIN 
derivatives  produced little  or no detectable  anti-DNP  antibody  7  days after 
challenge. In contrast, rats which had been primed with the flagellar antigens 
before DNP-FIN challenge gave substantial levels of anti-DNP antibody. Such 
priming occurred whether rats were injected with the flagellar antigens in saline LIEW  AND  PARISH 
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FIG. 1.  The anti-DNP antibody response in rats primed with 1 ~g of POL (ff]), FIN (O), 
or AFIN (~7) in saline and challenged with a  range of DNP-FIN derivatives or DNP-HCY 
(closed symbols) in saline. Antibody titers were estimated 7 days after challenge. VerticaI 
bars represent standard errors of the means. Control rats injected with saline alone failed to 
produce any detectable anti-DNP antibody 7 days after challenge. 
(Fig.  1) or FCA (Fig. 2), and was "carrier specific" as DNP-HCY was unable 
to  initiate  an  anti-DNP  antibody  response  in  these  animals.  However,  the 
three flageUar antigens  differed in the levels of DNP priming  which they in- 
duced. These differences were especially pronounced in the case of POL-primed 
rats  challenged  with  lightly  substituted  DNP-FIN  (i.e.,  DNPs-FIN,  DNPg- 
FIN,  and  DNPxg-FIN)  where  anti-DNP  antibody  responses  were up  to  20 
times  higher  than  with  FIN-  or  AFIN-primed  animals  (P  values  <  0.01) 
(Figs. 1 and 2). When rats were challenged with heavily conjugated DNP-FIN 
(i.e.,  DNP,9-FIN  and  DNP32-FIN)  all  three  flagellar  antigens  gave  similar 
levels of DNP priming.  Rats primed with either FIN or AFIN in saline and 
challenged with DNP-FIN produced comparable levels of anti-DNP antibody 
(Fig.  1).  However, when  these flagellar  antigens  were injected in  FCA,  four 
out of five of the DNP-FIN  preparations  provoked significantly  higher  anti- 782,.  LIEW  AND  PARISH 
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FIO. 2. The anti-DNP  antibody  response in  rats primed with  the ttagellar antigens in 
FCA and challenged Mth a range of DNP-FIN derivatives. For legend see Fig. 1.' Control 
rats were injected with FCA alone and produced small amounts of anti-DNP  antibody  7 
days after challenge (star symbol). 
DNP antibody fiters  (P values  <  0.05)  in the FIN-primed rats than in the 
AFIN-treated animals (Fig. 2). 
DISCUSSION 
In this paper evidence is presented suggesting that there is no direct corre- 
lation  between  delayed-type  hypersensitivity  to  a  carrier  and  the  level  of 
helper cells available for the cooperative initiation of an antihapten antibody 
response. This evidence was obtained by using three forms of a flagellar anti- 
gen, namely POL,  FIN,  and AFIN, which  differed widely in their  ability to 
induce FIN-specific delayed-type hypersensitivity, being in the order AFIN > 
FIN >  POL. In contrast, helper activity seemed to be almost inversely related 
to delayed hypersensitivity to the carrier, being in the order POL >  FIN 
AFIN. This phenomenon has  also been observed with  the in vitro antibody LIEW  AND  PARISH  BRIEF  DEFINITIVE  REPORT  783 
response to NIP (4-hydroxy-5-iodo-3-nitro-phenacetyl) sheep erythrocytes by 
mouse spleen cells (I. Trowbridge, personal communication). It was found that 
periodate  oxidized-acetoacetylated sheep  erythrocytes,  which  induced  high 
levels of delayed hypersensitivity to sheep red cells (13), were much poorer in- 
ducers of helper cells for NIP  than were the unmodified sheep erythrocytes 
which induced no  detectable  delayed responsiveness.  Consistent with  these 
findings is the recent report  (14) that the number of helper cells  available for 
an antibody response to sheep erythrocytes is substantially reduced when cell- 
mediated immunity to this antigen is induced. 
There are several possible interpretations of the findings presented in this 
paper: (a) Different subpopulations of T  cells mediate help. and delayed hyper- 
sensitivity. Whether these cells are derived from separate precursors or repre- 
sent different maturation stages of a common precursor is unknown. (b)  Both 
helper activity and delayed hypersensitivity is expressed by the same cell but 
small numbers of these cells induce help whereas large numbers suppress the 
antibody response.  (c)  Only a  small number  of  antigenic determinants can 
mediate help whereas many determinants can provoke delayed hypersensitiv- 
ity. This interpretation would imply that POL is more effective than FIN or 
AFIN at triggering T  cells  which recognize "helper determinants".  (d)  The 
helper effect observed is mediated by B cells and not by T  cells. This possibil- 
ity is unlikely due to the observed thymus-dependence of POL antibody re- 
sponses in the rat (15). 
SUMMARY 
The relationship between cell-mediated immunity to the cartier and the car- 
rier-hapten helper effect was studied in the rat by using three forms of the 
carrier which differed in their capacity to induce carrier-specific delayed-type 
hypersensitivity. The three carriers were polymerized flagellin (POL), flagellin 
(FIN),  and  acetoacetylated  flagellin  (AFIN),  which  induced  FIN-specific 
delayed-type hypersensitivity in the order AFIN >  FIN >  POL. Helper cells 
for  the  anti-DNP  antibody responses  to  a  range  of DNP-FIN  conjugates 
appeared to be almost inversely related to cell-mediated immunity to the car- 
rier,  being in  the order  POL  >  FIN  ~  AFIN. These  differences occurred 
whether the carriers were injected in saline or FCA, but were less pronounced 
with the heavily DNP-conjugated flagellins. 
The authors gratefully acknowledge the  encouragement and advice of  Professor G.  L. 
Ada and the technical assistance of Mr. R. Tha Lha. 
REFERENCES 
I. Bloom, B. R. 1971. In dtro approaches to the mechanism of cell-mediated immune 
reactions. Adv. Immunol. 13:101. 
2.  Cooper, M. G., and G. L. Ada. 1972. Delayed-type hypersensitivity in the mouse. 
III. Inactivation of thymus-derived effector cells and their precursors. Scald. J. 
Immunol. 1:247. 784  LIEW  AND PARISH  BRIEF  DEFINITIVE  REPORT 
3.  Claman, H. N., and D. E. Mosier. 1972. Cell-cell interactions in antibody produc- 
tion. Prog. Allergy. 16:40. 
4.  Kettman, J.  1972. Delayed hypersensitivity:  Is the same population  of thymus- 
derived cells responsible for cellular immunity reactions and the carrier  effect. 
Immunol.  Comm. 1:289. 
5.  Kappler, J. W., M. Hoffman, and R. W. Dutton. 1971. Regulation of the immune 
response. I. Differential  effect of passively administered  antibody on the thy- 
mus-derived and bone marrow-derived lymphocytes. J. Exp. Med. 134:577. 
6.  Liew, F. Y., and C. R. Parish.  1972. Regulation of the immune response by anti- 
body. I. Suppression of antibody formation  and concomitant  enhancement  of 
cell-mediated immunity by passive antibody.  Cell Irnrnunol. 4:66. 
7.  Boak, J. L., N. A. Mitchison,  and P. H. Pattison.  1971. The carrier effect in the 
secondary response to hapten-protein  conjugates.  III. The anatomical  distri- 
bution  of helper cells and antibody-forming-cell-precursors. Eur.  J. Immunol. 
1:63. 
8.  Cooper, M. G. 1972. Delayed-type hypersensitivity  in the mouse. II. Transfer  by 
thymus-derived  (T) cells. Scan& J. Immunol.  1:237. 
9.  Ado, G. L., G. J. V. Nossal, J. Pye, and A. Abbot.  1964. Antigens in immunity. 
I. Preparation and  properties  of flagellar antigens  from  Salmonella adelaide. 
Aust. J. Exp. Biol. Meal. Sci. 42:267. 
10.  Parish, C. R. 1971. Immune response to chemically modified flagellin. I. Induction 
of antibody tolerance to flagellin by acetoacetylated  derivatives  of the protein. 
J. Exp. Med. 134:1. 
11.  Parish,  C.  R.  1971. Immune response to chemically modified flagellin. II. Evi- 
dence for a fundamental relationship  between humoral and cell-mediated  im- 
munity. J. Exp. Meal. 1~:21. 
12.  Liew, F. Y.  1971. The detection  and production  of macrophage  cytophilic anti- 
body to different antigens in different laboratory animals. Immunology 21:1045. 
13.  Parish,  C. R.  1972. Preferential  induction  of cell-mediated immunity by chemi- 
cally modified sheep erythrocytes.  Eur. J. Immunol.  2:143. 
14.  Gordon, J.,  and H. Yu.  1973. Relationship  of T  cells involved in cell-mediated 
immunity and antibody synthesis. Nat. New Biol. 244:21. 
15.  Lind,  P. E.  1970. Influence  of neonatal  thymectomy on antibody production in 
the Lewis rat. Int. Arch. Allergy Appl. Immunol.  37:258. 